Quantum fluids with a spin degree of freedom have been of longstanding interest, stimulated both by the complex phenomenology of superfluid [1] and by p-wave superconductivity [2] . Advances in ultracold atomic physics have now led to the creation of novel multicomponent quantum fluids including pseudospin-1/2 Bose-Einstein condensates (BECs) [3] and spin-1 and -2 condensates of Na [4, 5] and 87 Rb [6] [7] [8] .
The internal state of a multi-component system is characterized by the populations in each of the components and the coherences among them. However, in all previous studies of the spin-1 or spin-2 spinor condensates, while the populations in each magnetic sublevel were measured, no information was obtained regarding the coherence between overlapping populations [4, [6] [7] [8] [9] [10] . Moreover, although spatial patterns of longitudinal magnetization have been reconstructed from images of freely expanding spinor gases, the expansion process severely limits the resolution obtainable [9, 11, 12] . In this work, we exploit atomic birefringence to image the magnetization of an ultracold spin-1 Bose gas non-destructively with high spatial resolution. By varying the orientation of an applied magnetic field with respect to our imaging axis, we measure either longitudinal magnetization, which derives from the static populations in each of the magnetic sublevels, or transverse magnetization, which derives from time-varying ∆m=1 coherences. This probe is used to observe Larmor precession in both degenerate and non-degenerate spinor Bose gases. In particular, optical characterization of Larmor precession in a BEC provides a novel probe of the relative phases between condensates in different internal states with excellent temporal and spatial resolution (see Refs. [13] for other recent measurements of condensate phase). Our probe relies on the polarization sensitive phase-contrast technique which permits multiple-shot in-situ imaging of optically thick samples [14] . One can directly observe the dynamics of a single gaseous sample, rather than reconstructing them from experiments on many different samples. In the experiment, the atomic sample is imaged in two stages of magnification (Fig. 1) . A physical mask blocks illumination of all but a narrow slit-shaped region of the CCD chip. We record 40 consecutive images, each 25 pixels wide, at a rate of 20 kHz before uploading the images. We use probe light detuned 212 MHz below the F=1 to F'=2 D1 transition (λ=795nm). We induce Larmor precession in our atomic sample starting with a spin-polarized gas in the F=1,m_F=-1 state and a bias field of 54mG along the z direction. A resonant RF pulse tips the spin vector by an angle π/2. As the tipped spin precesses about the bias field, the phase contrast image intensities oscillate (Fig. 2a) . The temporal oscillation in the peak height of our phase contrast images is clearly visible (Fig. 2b) .
The amplitude of the Larmor precession signal gives a quantitative measure of the coherence among Zeeman sublevels.To measure the lifetime of Zeeman coherences in an ultracold Bose gas, we tip the atomic spin using an RF pulse, as before, and then wait a variable time before measuring the amplitude of the Larmor precession signal (the ``tip and hold'' method). To isolate effects that specifically diminish transverse magnetization from atom-number loss or other systematic effects, we alternatively reverse the order of the delay and the RF pulse (``hold and tip'').
The lifetime of transverse magnetization in a spinor BEC, taken as the 1/e time of an exponential fit to the precession amplitude vs. time, was 670(120) ms, compared to the measured 830(120) ms condensate lifetime (determined from the ``hold and tip'' method) in the optical trap. In other words, no significant decoherence occurs other than that attributable to overall number loss, consistent with 3-body decay [15] .
The demonstrated ability to image directly the magnetization of a spinor Bose gas and the observation of long-lived Zeeman coherences point to a number of future investigations. The list includes precise magnetometry, condensate-based interferometry, and observation of spontaneous symmetry breaking.
